We studied the distribution of immunoreactive elements for [D-da'] deltorphin I (DADTI), a &opioid receptor ligand, in fetal and postnatal rat small intestine. DADTI-like immunoreactive cells were detected transiently on embryonic Days 20 and 21. Electron microscopic examination revealed that positive staining occured in mucous epithelial cells, either mature goblet cells ot undifferentiated cells containing only a few mucous granules. Positive immunoreaction products in mature goblet cells were confined in their apical cytoplasm to the luminal parts of mucous granule aggregates.
Introduction
[ D-Ala2] deltorphin I (DADTI), a heptapeptide amide (Tyr-D-Ala-Phe-Asp-Vd-Val-Gly.NH2) isolated from the skin of a South American frog (PbyfLomeduEa bicofor), has been shown to display high and selective affinity for &opioid receptors in mammals (43.13). The localization of DADTI-like immunoreactivity has been recently reported in rat brain (17) and retina (1) using a specific antiserum directed to the COOH-terminal tetrapeptide of DADTI (2) . During the course of these studies, we occasionally observed that certain peripheral organs, such as the gastrointestinal and respiratory tracts, appeared to express some DADTI-like immunoreactivity in a limited period of rat development. In the lung, DADTI-like immunostaining occurs in serous or Clara cells in the perinatal period from embryonic Day 16 to postnatal Day 21 (7) . In the present study, therefore, the gastrointestinal tract of immature rats was examined in detail at various developmental stages. Positive cells with DADTI-like immunoreactivity were transiently found by light microscopy on two successive prenatal days and were further characterized by electron microscopy. The result suggests that a DADTI-like molecule(s) is synthesized in rat intestinal goblet cells and is secreted in a diauine fashion into the intestinal lumen at a late fetal period. The molecule(s) thus secreted may be important for the intestine of rats just before birth, because DADTI-like immunopositive goblet cells are no longer seen at any postnatal period. ( J Histdem C y t d e m 421377-1381, 1%)
Materials and Methods
All methods described here followed the guidelines for care and use of laboratory animals of the University of Shiga Medical Science, which are in accordance with National Research Council guidelines. Wistar rat fetuses from embryonic day (ED) 16 to 21 and neonatal rats at postnatal day (PD) 0 and 1 were used. Five rats were investigated in each group. The entire gastrointestinal tract was fixed either by immersion in (for ED 16) or transcardiac perfusion with (for ED 17-PD 1) an ice-cold fixative containing 4% paraformaldehyde, 0.5% glutaraldehyde, and 0.2% picric acid in 0.1 M phosphate buffer (pH 7.6; PB). Both types of fixation were carried out under deep anesthesia with sodium pentobarbital ( 5 mglloo g, IP).
The specimens were immersed for 24 hx in a post-fmtive containing 4% paraformaldehyde and 0.2% picric acid in 0.1 M PB at 4°C. After washing with several changes of PB containing 15% sucrose, the specimens were dipped overnight in PB containing 10% gelatin at 37°C. The gelatinembedded specimens were fixcd for 3 hr with 4% paraformaldehyde in PB at 4'C and then immersed for 3 hr in PB containing 15% sucrose.
For light microscopy, gelatin-embedded specimens were frozen and cut into 20 pm-thick sections in a cryostat (Reichert-Jung). Free-floating sections were collected and stored for at least 4 days in 0.1 M PBS containing 0.3% Triton X-100 at 4'C. For electron microscopy, the gelatin-embedded specimens were cut into 50 pm-thick longitudinal sections on a microslicer (Dosaka) and were collected in PB containing 15% sucrose at 4'C. To enhance antibody penetration, some sections were treated for 24 hr with PBS containing 0.1% Triton X-100 at 4°C.
Sections for light or electron microscopy were then incubated for 48 hr at 4°C with anti-DAM? serum (diluted 1:10,000) and treated with 0.1% H 2 0 2 and 0.1% phenylhydrazine (Nacalai Fesque; Kyoto, Japan) in PBS for 30 min to inactivate endogenous peroxidase activity. They were then incubated for 2 hr in biotinylated anti-rabbit IgG (diluted 1:lOOO) (Vector; Burlingame. CA) at room temperature (RT) and for 1.5 hr with avidin-biotin-peroxidase complex (diluted 1:ZOOO) (ABC Elite; Vector) at RT. In the above procedure, dilution of antibodies and washing of sections were performed with PBS containing 0.1% Triton X-100. Peroxidase activity was visualized by reaction for 30 min at RT with a solution of 0.01% 3.3'diaminobenzidine (Dojindo; Wako Chemical, Tokyo, Japan), 1% nickel ammonium sulfate, and 0.003% HzOz in 0.05 M Tris-HCI buffer (pH 7.6). For light microscopy, the stained sections were mounted on gelatin-coated glass slidcs, dehydrated. and covered with Entellan (Merck; Darmstadt, Germany). For electron microscopy, they were fixed for 1 ht with 1% Os04 in PB at 4°C dehydrated in a graded serics of crhanol, and embedded in Epoxy resin. Serial ultra-thin sections were cut in an ultramicrotome (Reichert-Jung) and observed under an electron microscope (H-500; Hitachi).
For identification of the goblet cells, some sections were stained with the periodic acid-Schiff (PAS) reaction.
The specificity of the DADTI antiserum was thoroughly characterized in a previous report (2) . In this study, immunohistochemical controls were carried out by (a) omitting the primary antiserum or (b) substituting the primary antiserum either with normal rabbit serum or with pre-absorbed primary antiserum. The pre-absorption test was performed by incubating (overnight at RT) the anti-DAM'I serum (diluted 1:lO.OOO) with DADTI in a concentration of 0.1, 1. 10. 100 or 1000 pM. The anti-DADTI serum (diluted 1:5ooO)was also pre-absorbed overnight at RT with poly-~-glutamate, which had been used as a carrier protein of the haptenic antigen. in a concentration of 1, 10, 100. 1000, or 10,000 pM.
Resu It s
In rat embryos from ED 16 to ED 19. no DADTI-like immunoreactive (DADTI-IR) cells were observed in any portion of the intestine. On ED 20, however, many DADTI-IR cells, probably epithelial mucous cells, were suddenly detected throughout the entire extent of the small intestine. On ED 21 similar positive cells were still observed in the small intestine, but their density was lower than that on ED 20. After birth, such positive mucous cells were no longer seen in any portion of the intestine.
At the light microscopic level, DADTI-IR cells were found in the epithelial layer of the small intestine (Figure 1 ). At the tips of intestinal villi, in particular, immunopositive cells appeared to protrude toward the intestinal lumen ( Figure 1B) . A comparison of two nearby sections of small intestine, either immunostained for DADTI ( Figure 2A ) or stained with PAS ( Figure 2B) , indicated that the distribution pattern of DADTI-IR cells closely resembled that of PAS-positive mucous cells.
At the electron microscopic level, DADTI-IR cells displayed the characteristic morphology of epithelial mucous cells, which were easily identified by the presence of mucous granules located at the apical portion of the cells. Although DADTI-IR cells were distributed everywhere in the epithelium, extending from the tips of free villi to basal intervillous regions, their ultrastructural features differed according to the difference in topography. In basal villous or intervillous regions, positive immunostaining occurred in probably undifferentiated mucous cells which contained no (Figure 3A) or only a few immunonegative mucous granules ( Figure  3B ). In these cells, positive immunoreaction products were precipitated at their apical cytoplasm and the adjacent microvilli. In the middle portion of the villi (Figures 3C and 3D) , DADTI-IR struc- tures were seen in cells with a single mass of many large mucous granules, indicating a mature type of goblet cell. Positive immunoreaction products were again found at the apical cytoplasm and their more sparse microvilli. The underlying mucous granules were never stained positively. Well-developed rough endoplasmic reticulum, Golgi apparatus, and mitochondria were situated in the cytoplasm between the mucous granules and rhe nucleus ( Figure  3D ). In an area near the villous tips ( Figures 3E and 3F ), DADTI-IR goblet cells often exhibited protruded cytoplasm, whose outer thin edge facing the lumen and a few microvilli were stained positively. The greatest part of the protruded cytoplasm was, however, occupied by an immunonegative mass of agglutinated mucous granules with low electron density ( Figure 3E ). Occasionally. DADTI-IR goblet cells were observed, showing typical features of cells undergoing dohation ( Figure 3F ). In these cells the intercellular gaps around the positive cells were enlarged, and intracellular vacuolization became conspicuous both in the aged goblet cells and in the neighboring absorptive cells. In aged goblet cells, the outer margin of the protruded cyroplasm was weakly DADTI-IR and the remaining part with agglutinated immunonegative mucous granules further decreased in electron density. A few microvilli, if preserved, were always positively immunostained ( Figure 3F) .
In the immunoabsorption control study, positive cells were gradually decreased in both number and intensity in parallel with increased concentrations of DADTI in the pre-absorption antiserum ( Figures 4A and 4B) . No DADTI-IR cells were observed with a concentration higher than 100 pM DADTI ( Figure 4C) . The addition of poly-L-glutamate to the antiserum did not affect the staining result. 
Discussion
It has been well established that the epithelium of embryonic rat intestine remains undifferentiated and is composed of primitive stratified cells until ED 17. Subsequently, the intestinal epithelium rapidly differentiates to simple columnar epithelial, goblet, and endocrine cells by ED 18-19 (3, 6, 8, 11, 12) . Typical crypts are not present at this time in developing small intestine. In place of the crypts, flat stretches of epithelium with clusters of proliferative cells separate the villi (11). The goblet cells in fetal rats morphologically resemble those in adults in many respects, but differ from them in mucin composition and in sensitivity to secretagogue (8, 11, 15) . The present study indicates that DAMI-like immunoreactivity is expressed in the epithelium of small intestine during a limited period of the late embryonic stage. Positive staining occurs not only in both typical and pre-mature goblet cells with many and a few mucous granules. respectively, but also in immature cells containing no mucous granules. Although the adult-type mucin secretory response is not established until the end of the weanling period and the sensitivity to segretagogues is different in fetal and suckling rats, basal rates of secretion are already observed at ED (8.9) . It is therefore suggested that DAMI-IR material(s) may possibly be synthesized in relation to the dynamic state of mucin.
Although DAMI is a peptide identified in frog skin, the chemical structure of DADTI-like material(s) found in mammalian spe-w .
cies is unclear. However. it is reasonable to assume that the material(s) may involve the DAM1-related tetrapeptide, which is the epitope of the antiserum used. Synthesis of peptides in the goblet cells may not be unusual, since a family of peptides rdcrrcd to as endozepine has been reported to be synthesized in the goblet cells of adult rat intestine (16) .
The DAMI-like immunoreactivity in rat intestinal cells is detected only at their apical cytoplasm. In the amphibian skin, it has been already established that DAMI is synthesized by cleavage from long-chain precursors (14) . Presuming that a similar biochemical process may take place in rat intestine, the precursor molecules may migrate from the site of synthesis to the apical cytoplasm, where final product(s) become DAMI-IR. Since almost the same staining features are seen throughout various maturation stages of mucous cells, DAMI-like material(s) appears to be secreted in diacrine fashion into the intestinal lumen.
At present. the significance ofthe transient expression ofDAM1-IR material(s) in these intestinal cells is unclear. Although the adult rat intestine has been shown to possess rich 6-opioid-binding sites (lo), it is yet unknown when &type receptors develop or become functionally active during maturation of the rat. However, since the time period of the expression is sharply and unusually confined to 2 consecutive days just before birth, the role of expressed DAMI-IR material(s) may be more or less related to the functional state of prenatal small intestine. 
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